ABSTRACT
The WT1 tumor suppressor gene has been found to be expressed by many acute myeloid leukemias. Inhibition of this expression can lead to the differentiation and reduced growth of both leukemia cells and cell lines suggesting that WT1 participates in regulating the proliferation of leukemic cells. However, the role of WT1 in normal hematopoiesis is not well understood. To investigate this question, we have used murine cells in which the WT1 gene has been inactivated by homologous recombination. We have found that cells lacking WT1 show deficits in hematopoietic stem cell function.
Embryonic stem cells lacking WT1, while contributing efficiently to other organ systems, make only a minimal contribution to the hematopoietic system in chimeras indicating that hematopoietic stem cells lacking WT1 compete poorly with normal stem cells. In addition fetal liver cells lacking WT1 have an approximately 75% reduction in BFU-E, CFU-E, & CFU-GEMM colony-forming ability. However, transplantation of fetal liver hematopoietic cells lacking WT1 will repopulate the hematopoietic system of an irradiated adult recipient in the absence of competition. We conclude that the absence of WT1 in hematopoietic cells leads to functional defects in growth potential that may be of consequence to leukemic cells which have alterations in the expression of WT1.
only.
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INTRODUCTION
WT1 was isolated as a tumor suppressor gene on the basis of its deletion in a subset of patients with Wilms' tumor, a pediatric cancer of the kidney 1 . In addition to its mutation 
MATERIALS AND METHODS
Mice. Mice containing a heterozygous deletion of WT1 50 were maintained as heterozygotes on a mixed C57/B6 129SvJ background. Male and female C57/B6 mice for chimera host blastocysts were purchased from Taconic. Female C57/B6 Ly5.2 mice were purchased from NCI.
Chimera production ES cells homozygous for the absence of WT1 were generated by culturing delayed blastocysts from matings of heterozygous parents on a mixed C57/B6 129SvJ background. A second line was obtained by re-targeting the remaining wild-type WT1 allele in the ES cells used to generated the WT1 null mouse using the original targeting vector with the hygromycin resistance gene replacing the original neomycin resistance gene Chimeras were generated by microinjecting10-15 cells into C57/B6
blastocysts.
GPI Assays Glucose-phosphate-isomerase assays were performed as described 62 . In brief, samples were lysed by four cycles of freezing and thawing, and GPI isoforms were analyzed by cellulose acetate electrophoresis of the samples followed by detection in an agarose gel containing fructose-6-phosphate, NADP, MTT, PMS, and glucose-6-phosphate dehydrogenase (all reagents from Sigma) at room temperature. This method permits the discrimination of the isoforms GPI-Iaa and GPI-Ibb present in 129Sv and C57BL strains, respectively. 
Reconstitution of Irradiated Mice

Flow cytometry
For analysis of the contribution of ES cells to the peripheral blood & bone marrow, a female 2 month old 90% chimera by coat color was anesthetized using avertin. One ml of blood was obtained by heart puncture. Red cells were removed using 1% Dextran T 500 followed by ammonium chloride lysis. Bone marrow cells were obtained by flushing both hind femurs & tibias into PBS. Both peripheral blood & bone marrow cells were fractionated on a FACStar Plus(Becton Dickinson San Jose CA) using forward scatter and side scatter gates and then analyzed for ES cell contribution using the GPI assay. For analysis of the hematopoietic system of animals reconstituted with embryonic liver blood samples were collected from the retro-orbital sinus. Red cells were removed using 1% Dextran T 500 followed by ammonium chloride lysis. Cells were washed with PBS and then incubated with saturating quantities of FITC-conjugated anti-Ly5.2(Pharmingen) and biotin-conjugated anti-Ly5.1 followed by PE-conjugated streptavidin. The cells were washed and analyzed using a FACStar Plus(Becton Dickinson San Jose CA) using forward scatter & side scatter gates. FITC emission was collected using a 530/30 DF and PE emission was collected using a 575/26 DF. A 560SP DM was used to split the FITC and PE emission.
In vitro progenitor cell assays: Mice heterozygous for the absence of WT1 were mated and the morning of detection of a vaginal plug was designated as e0.5. On day e14.5 pregnant females were sacrificed and the embryos were harvested. Each fetal liver was dissociated in 1 ml Iscove's/2% FBS and cultured in Methocult GF M3434 (StemCell Technologies) in triplicate at 1.5 X 104cells/ml at 37oC and 5% CO2. CFU-E were counted after 2 days of culture, CFU-GM after 10 days and CFU-GEMM after 14 days.
Significance was determined using the ANOVA procedure in the Statview Statistical analysis program.
RESULTS
Embryonic stem (ES) cells lacking WT1 do not contribute to the hematopoietic system.
Mice lacking WT1 develop to between day e13.5 and e15.5 before they die in utero, apparently of hemorrhages into the pericardial cavity 50, 51 . At the time of death, the embryos appear to have a grossly normal hematopoietic system. To further investigate the hematopoietic functions of the WT1 gene, chimeric adult mice were generated from ES cells lacking WT1 and normal C57/Bl6 blastocysts to allow hematopoietic cells lacking WT1 the opportunity to develop past 15.5 days of embryogenesis. Tissues from mice with 90-100% agouti coat color were analyzed for ES cell contribution using the glucose-6-phosphate isomerase (GPI) isoenzyme marker assay. ES cells lacking WT1 contributed strongly to a number of organs including the liver. However, the ES cell contribution to whole blood was at or below the detection threshold of the GPI assay system (approximately 5% ES cell or 2% 129 as both forms of GPI were contained by the ES cells) (Figure 1 ). Both peripheral blood and bone marrow from a 90% agouti coat color mouse were fractionated by size and side scatter into red cell, lymphocyte, and granulocyte populations. GPI assays on these cell fractions also did not detect any significant contribution by ES cells (data not shown). These results demonstrate that ES cells lacking WT1 failed to contribute to these populations significantly in adults.
Cells lacking WT1 can repopulate the mouse hematopoietic system
As no abnormalities in early hematopoiesis had been reported in embryos lacking WT1, the results on the chimeric animals suggested it was possible that WT1 was necessary to only.
For personal use at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.org From effectively populate the hematopoietic system of the adult animal. The ability to distinguish donor from recipient cells by the polymorphism of the Ly5 antigen was utilized to assess the ability of early hematopoietic cells lacking WT1 to populate the adult hematopoietic lineages. NIH C57 female mice congenic for the Ly5.1 antigen were lethally irradiated and then reconstituted with 1 X 10 6 fetal liver cells from embryonic day 13.5 WT1 mutant, WT1 heterozygote, or wild-type embryos. 14 days after reconstitution 4/4 of the buffer injected control mice had died or been euthanized due to extreme morbidity while 2/2 mice injected with cells from wild-type embryos, 7/7 injected with WT1 heterozygote cells, and 9/11 injected with WT1 mutant cells survived.
At 4 weeks these mice all survived and had a normal hematocrit of approximately 44%.
At 2 months only 1 additional mouse reconstituted with cells lacking WT1 had expired of unknown cause (Table I) . When peripheral blood was analyzed for its donor:host composition using staining with anti-Ly5.2 and Ly5.1, >90% of the staining cells were donor derived regardless of the genotype of the donor embryo. There was no alteration in this ratio when side and forward scatter was used to subdivide the cells into lymphocyte, granulocyte, and monocyte populations (Figure 2 ). These results demonstrate that stem cells lacking WT1 are capable of reconstituting and maintaining the adult hematopoietic system for at least two months after transplant.
Cells lacking WT1 have reduced in-vitro colony-forming potential
The ability of stem cells lacking WT1 to reconstitute the hematopoietic system of lethally irradiated adults taken together with the failure of ES cells lackingWT1 to Upper band is 129 GPI isoform, lower is C57 isoform. 
